Introduction
Photon correlation spectroscopy (PCS) is a digital method for measuring intensity fluctuations in which the number of photons arriving at a detector at a set sampling time is repeatedly counted. The time autocorrelation function of the detected intensity is then computed by some extremely fast hardware, the correlator. It is the rapid development of fast electronics and the design of correlators with a pseudologarithmic time base [1] that has made it possible to cover the wide time range of 12 decades in a single experimental run.
In a PCS experiment laser light of specified intensity, polarization and wavelength are focused into the sample. The molecules in the illuminated part of the sample are then subject to an external oscillating electric field. An oscillating dipole moment is thus induced and as a result light is scattered in all directions except in the direction of the dipole axis, i.e. the direction of polarization of the incident light. The main part of the scattered light will thus have the same polarization as the incident light though generally there will also be a depolarized component due to that the polarizability may change for different directions in the molecules.
A completely homogenous liquid only scatters light in the forward direction. This is because the scattered field from each scatterer in the illuminated volume can be paired with the field from another scatterer such that their field components are completely out of phase. To get scattered light, in other than the forward direction, optical inhomogeneities are needed in the sample. The thermal motions of atoms and molecules in liquids create density fluctuations which in turn give rise to fluctuations in the refractive index and, as a result, light is scattered. An alternative cause for light scattering, and when present much more efficient, is concentration fluctuations which occurs in multi-component systems.
The light scattered from a small "scattering volume" fluctuate around an average value such that the signal looks very noisy, where the scattering volume is defined as the detected part of the beam and the radius of it. This "noise" evidently contains information about the dynamics in the liquid and whether there are correlated molecular motions. A way to extract this information is to calculate the auto correlation function of the detected intensity, i.e.
I(t)I(t
The angle brackets denote time averaging, τ is the delay time and N is the number of sampling times. At very short delay times I(t) and I(t+τ ) is obviously essentially the same such that
For very long delay times the intensities become uncorrelated and then
which is the square of the mean intensity. Thus, I(t)I(t+τ ) must either decay from I 2 (t) towards I(t) 2 (or remain constant) because I 2 (t) ≥ I(t) 2 . Since the correlation function is independent of the starting time it is normally written I(t)I(t+τ ) = I(0)I(t) . and the squared mean intensity is accordingly written as I 2 . The normalized intensity autocorrelation function, g 2 (t), is defined as An example of an intensity auto-correlation function is shown in figure 1 . The quantity that is directly related to the dynamics of the scatterers is the electric field correlation function, g 1 (t),
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The field correlation function is in a homodyne experiment, and for Gaussian statistics of the scatterers, related to the normalized intensity autocorrelation function g 2 (t) through the relation[2]
where σ is an instrumental coherence factor mainly determined by the number of coherence areas exposed on the detector. The coherence area is defined as [3] 
where R is the distance between the detector and the scattering volume of radius a, λ being the wavelength of the incident light. The optics of the PCS set-up should be designed such that σ is close to the ideal value of one. In the experimental situation σ is measured on a well-defined reference sample. A He-Ne laser, λ=632.8 nm, with an output power of 60 mW is used as a light source and the λ/2-plate turns the polarization to vertical. The light is then focused into the sample by a lens. The temperature of the sample is controlled with an external heater/cooler. The scattering angle can be varied through a large range to enable studies of the wavevector dependence. Scattered light is collected by a lens and passed through a polarizer in order to select either VV or VH scattering geometry (V indicates vertical and H horizontal polarization of the incident and detected light, respectively). Thereafter follows a light collecting system consisting of an iris (diameter 1 mm when closed) in front of a 50 cm long tube. This system results in the detection of about one coherence area on the photo cathode. A rotatable mirror placed between the iris and the pinhole make it possible to investigate the scattering volume with an eye-piece before measuring. The mirror also acts as a shutter when not measuring.
Experimental
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The scattered light is detected by the PM-tube and the signal is then converted into digital pulses by a pulse amplifier-discriminator (PAD). The output, a train of digital pulses, is fed to the correlator which calculates the normalized autocorrelation function of the incoming pulses, i.e. the detected intensity. The correlator is a multiple τ correlator (ALV-3000) with the enormous dynamic range of approximately 12 decades (10 −8 -10 4 s), if several spectra with different sample times are spliced together.
Brownian Motion
When the English botanist Robert Brown in 1827 looked at pollen grains (approximately 1 mm in diameter) dispersed in water he observed, through a microscope, that the pollen grains described an erratic motion. Einstein explained the phenomenon by considering the collisions between a suspended particle and the thermally moving molecules of the surrounding liquid. The larger the suspended particle, the more averaged out is the bombardment of the molecules of the liquid and the effect is therefore more pronounced the smaller the particle is. Brownian motion can be used to obtain information about the dimensions of the solvated particles ( or alternatively the viscosity of the solvating liquid) [3] . The diffusion constant of a spherical molecule of radius r is given by the Stokes-Einstein relation,
where η is the viscosity of the liquid and T is the temperature. The intensity autocorrelation function due to diffusional motion of a monodisperse (only one size) solution is
where q is the scattering vector,
Here λ is the wavelength of the incident light in vacuum and n is the refractive index in the liquid. The scattering angle q is the angle between the incident and scattered light. So, a fit of the correlation function to an exponential decay combined with Stokes-Einstein relation gives
from which the radius can be obtained if the temperature and viscosity are known. In case of a polydisperse (many sizes) sample the correlation function will be a superposition of exponential decays, one for each size present in the sample,
where A(τ ) is the distribution of relaxation times. A(τ ) can then be converted to a distribution of sizes of Brownian particles.
